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Introduction ,

The central tracking device of the general purpose 4n magnetic detector
should satisfy following requirements. '
1) Physics requirements

Requirements for the central tracker are closely related to the reasons
why we select a magnetic detector. We select magnetic detector to measure the
momentum of high Pt lepton or to determine the charge-sign of electrons.
Vertex assignment of the each charged particle is also essential for high
intensity hadron collider experiments to separate individual event because
multiple events in one bucket are expected at the standard SSC luminosity. To
maintain the flexibility for new physics and unusual topology, a central tracker
is essential. Independent measurement of momentum and energy makes it
possible to calculate an invariant mass of interesting object and help to identify
electron with E/P ratio. Independent measurement of energy and momentum
are mutually compensating and/or important redundancy for correction or
calibration.

Momentum resolution required are typically followings;
a) Higgs -- Z Z -- 4 muons (electrons) ( MH = 400 GeV/c2 )
o(Py)/Pt =0.3xPt (TeV/c)
b) New Gauge Boson Z -- u+ p- (ete) (Mz =2 TeV/c2)
- If relative mass resolution of 20% is required for M, reconstructed, the

necessary momentum resolution is
o(PtYPt =0.15x Pt (TeV/c)

Pseudo-rapidity coverage of fine resolution central tracker should be ~1.7
by requirement of more than 80% detection efficiency for Higgs--pu+u—p+p—{11.

Fast track-finding capability for high Pt isolated track is also essential to
trigger with high Pt electron candidates combined with EM calorimeter
information.




2) Survivability
a) Hit-rate

The central tracking device should survive at the standard SSC
experimental luminosity for 10 years. High rate capability as well as radiation
hardness becomes the most severe requirements for the SSC central tracking
device. For example, hit-rate of a 5mm ® straw covering In! < 1.5 has been
calculated by M.Asai[2]. This simulation has been performed with GEANT by
taking into account of all secondary interactions in the detector materials such
as gamma conversions and multiple scattering etc. The field strength is
assumed to be 2 Tesla uniform solenoidal field. The calculated hit-rates are
presented in Fig.1. Reasonable hit-rate of straw-tube chamber seems to be less
than 1 MHz by considering many problems such as a chamber life time, signal
pile up and hence degradation of chamber efficiency etc. The minimum gas
gain required for reasonable time resolution i.e. reasonable position resolution
has been studied by H.Iwasaki[3]. More than 105 gas gain is required for 150 pm
position measurement resolution with 4mm diameter, 5m long tube. High
capacitance of long straw causes poor signal to noise ratio. With optimized time
constant (~15 ns) of pulse shaping for the time resolution and signal pile-up
problems, it is necessary more than 100 ns to be ready for the next signal. Both
studies suggest that we have to install a short straw-tube chamber outside 1m
distance from beam line.

The hit-rate of the silicon strip detector is expected to be small and no
problem because of its small size. For high speed readout, intrinsic large
capacitance of silicon detector may degrades signal to noise ratio, which will be
solved with optimization of strip size and position resolution.

~

b) Radiation damage

Radiation damages becomes serious for the detector placed close to the
beam line. Estimated radiation levels are reported in the CDG report edited by
D.Groom(4]. In this report, charged particle flux calculated with total cross

section is given by
dNcharged /da = (1.2 x 108 g1)/r;2,

where da is a normal area element and r; is a perpendicular distance from

beam line. In a light material energy loss, dE/dx is nearly equal to 1.8 MeV
glem?2, 80 1 Gy corresponds to 3 x 109 particles /cm2. For example, at ry =10

cm? integrated flux of charged particles amounts to ~ 1013 particles /cm2/year
(one year=107 s). Most of the neutrons are albedo neutron from calorimeter
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whose energy is an order of MeV, so that neutron flux is considered to be
uniform in a spherical cavity inside of calorimeter. An annual fluence of 2.4 x
1012 peutrons/cm? is expected inside the spherical cavity with 2 m radius. A
general purpose 4 n detector has the calorimeter whose cavity has at least twice
as large as the volume of the 2 m radius sphere. Since the neutron flux must be
inversely proportional to the cavity volume, the value of 2 x 1012 neutrons/cm2
used for the radiation damage estimation might be too large. Photon fluence is
estimated to be 1012 /(cm2 year) with E>0.1 MeV for the r=2m cavity.

Radiation damage of wire chamber has been studied and summarized in
the CDG report[5]. A safety limit of integrated charge might set at 0.1 C/cm for a
design of practical chamber. They concluded that aging of wire chamber is not
problem at distance larger than 50 cm from the beam line.

For the radiation damage of silicon detector, we have performed
experiments by charged particles[6] and neutrons[7]. Radiation damage causes
increase of leakage(dark) current, pulse height degradation and higher
operational voltage. The leakage current increases proportional to radiation
dose and it presents an index of radiation damage of silicon detector. A
proportionality constant of the leakage current is defined by

Alleak = o¢,n x ¢ n,

where Alleak is increase of leakage current, a¢ or ap are leakage current
constants and ®¢ or ®p, are fluences of charged particles and neutrons
respectively. The constant obtained from experiments are

oe=3x10"17 A/em,
an=7x 1017 A/em,

for one particle passing through unit depletion volume. These values are
consistent with other experiments. By multiplying an annual fluence for a 25y x o~
20 cm x 300y strip, leakage current increase of 0.55m% per year is E;ﬁ)ected at w
the distance of 10 cm by folding both charged particles and neutrons effects.
Since this value is not negligiblly small for ten years operation, replaceable
structure is recommended within r{<20 cm. We may cope with saturation of
preamplifier with the leakage current by introducing capacitive coupling
readout scheme.

Pulse degradation has been observed with 10% for 2.5 x 1013 neutrons/cm?2
which corresponds to ten years operation[7]. Neutron damage seems not to be




serious, but charged particles may causes significant pulse degradation because
of its an order of magnitude higher flux at 10 cm from beam line.

Conceptual design of hybrid central tracking system

A cylinder of 170 cm radius and 8 m long is set as a tracking volume for
this design study. The reasons why we select this size are to compromise the
calorimeter cost and achievable tracking performance. Air-core type solenoid is
chosen to attain a excellent hermeticity of calorimeter in this detector design.
Obviously disadvantage of the air core type solenoid is claimed from non-
uniform field which gives some difficulties for the tracking and momentum
measurement. We can cope with this disadvantage by using compact silicon
detector at uniform field region. Track reconstruction in the non-uniform field
is demonstrated in the AMY experiment at TRISTAN and seems not to be
problem[8]. _

Design concept of this hybrid tracking detector is a separated function
tracker. The momentum resolution is mainly attained by the silicon detector.
Pattern recognition, tracking and trigger requirements are achieved by straw- =
tube chamber which is placed in a region more than 1 m from the beam line.

Straw-tube chamber

In the barrel part, four superlayers of radial straw chamber are
planed outside the radius of 1m cylinder as shown in Fig.2. Those
parameters are shown in Table 1. Barrel part covers Inl<1.5. Each
superlayer consists of 8 layers of ~7 mm straw-tube. In order to cope with
high rate and high capacitance problem, we segment straw-tube chamber
three parts, resulting in 1.6m~2.2m long straw and hence 20 pF readout
capacitance. The straw-tube of this size can be operated with 105 gas gain
and expected reasonable performance as shown in Table 2. We expect that
position resolution of each straw-tube is better than 200um. We can probably

handle setting error of straw-tube within 50um. Then we expect overall

resolution close to 200um. The superlayer structure of straw chamber has a
excellent capability of immediate recognition of stiff track element{9] in

rather heavy background. We emphasize an importance on this feature in

the viewpoint of high Pt lepton trigger and patter recognition. o

We plan to measure a Z coordinate as a propagation ti ifference
between both ends. Time resolution of 0.5 ns corresponds esolution of
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Z coordinate. Although 5 cm resolution sounds very poor, one by one
association of three dimensional coordinate is very important to reconstruct a
track in three dimensional space in the high multiplicity environment.

Readout electronics is designed by using the time memory cell (TMC)
which is being developed at KEK[10]. The TMC can digitize the time directly
and have a pipe-lined digital memory by itself. Total readout channels are
230 k including both end readout for the barrel part. Power consumption of
readout electronics is estimated to be 30 mW per channel including all
electronics installed at the detector (preamplifier, shaper, discriminator,
TMC and digital processing electronics). We clearly need some cooling
system for the readout electronics.

Endcap is composed of four disk shape detector for both side. Each
disk-shape detector consists of u, v and w plains of straw-tube chamber. The
v and w planes rotate clockwise and counterclockwise with 60 degrees from
the u plane axis as depicted in Fig. 3. Each u,v and w plane is composed of 8
layers of straw-tube. It is segmented that tube length becomes less than 2 m.
Signal is readout from outer side in order to put electronics away from beam
line. Total readout channels of forward straw chamber amounts to 145 k
channels for both end. Parameters for endcap straw-tube are listed in Table
3. Material thickness is estimated to be ~4% radiation length (Xg) at 90
degrees and increases gradually to ~8 % approaching to nj=1.5. At the endcap
part, amount of material is three times thicker than that of barrel part,
which is ~12.5 % Xjp. The n dependence of material thickness for straw

chamber is shown in Fig. 7-a.

Silicon Strip Detector

a) Detector

Silicon strip detector is selected as a inner tracking device because of its
precise position measurement and high rate capabilities. The momentum
resolution of this tracking system is mainly relied on silicon strip detectors.
Since magnetic field strength and tracking length is limited by engineering and
cost limitations, precise position measurement is required to determine the
momentum of high energy particles. High ability to separate two tracks is also
significant advantage to identify the lepton track in a hadron jet.

For the barrel part, eight sets of two layers unit of cylindrical silicon
detectors are placed at the radius of r=10cm to r=82 cm as shown in Fig 2.
The strip spacing and strip length for each layers are listed together with




expected spatial resolution in Table 4. For this size, capacitance of each strip
will be less than 20 pF. Why we choose linearly increasing strip width is to
reduce the readout channels. This is the most economy way to measure
particle momentum when the vertex position is in a region localized
enough[12]. This scheme matches well with rather poor resolution of outer
straw-tube chamber. We calculated momentum resolution both structures of
a equal spacing layer and a superlayer structure. The equal radial spacing
model has slightly better resolution but difference is very small so that we
choose a superlayer structure which gives a better pattern recognition
capability and favorable conditions for a fabrication and cooling.

We would like to employ a double sided strip detector to readout two

dimensional information with detectors as thin as possible. The double sided

strip detector was recently studied by Holl et al.[13]. Now mass production
techniques are being studied by the collaboration of Nagoya University and
Hamamatsu Photonics.

In order to reduce readout channels, we select the capacitive charge
division readout. For 25y strip pitch detector, every three strip is connected to
readout electronics, so that readout strip pitch becomes 75u. Capacitance of
each strip is estimated to be ~5pF by assuming 300y depletion depth. A signal
to noise ratio of 15 can be attain for this readout scheme[14]. For 50u and 100
pitch detector, every other second strip is connected to readout electronics.
We need more study of a backside readout scheme of the double sided
detector.

Forward detector will cover the pseudo-rapidity range from 1.5 to 2.5 as
shown in Fig.2. The fan-shape strip is occupied a the same azimuthal angle
of 0.25 x 10-3 radian which corresponds to 25y strip pitch at r=10 cm. The fan-
shape strips are radially segmented to reduce the readout capacitance
reasonably. The geometrical parameters for the endcap silicon detector are
tabulated in Table 5. Hit-rate per strip is calculated to be an order of 50 kHz
taking into account of secondary interactions and curling track. The charge
division readout is applied to this part. Every other strips are connected to the
readout electronics except for the largest strip, the most outer part of the
largest disk. For this strip, readout electronics will be connected one by one
strip because of high capacitance. The number of readout channels are
counted up to 240 x 103 for the momentum measurement side. A slant strip
method are used to measure a radial position with backside strip. The stereo
angle of 3-5 degree is adapted because the millimeter precision is enough for
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pattern recognition on the r-z plain. The number of readout channel is the
same order as the front side.

b) Readout Electronics and Power Consumption

Readout electronics may be key point to realize a large scaled silicon strip
detector for the SSC experiments. Packing density of the front-end analogue
electronics chain has to be compatible to the strip pitch. Radiation hardness
should be as good as the silicon detector itself. We are going to develop a bipolar
preamplifier+shaper+comparator LSI for digital readout at NTT[11]. The super
self-aligned transistor (small size and hence extremely high speed) is applied to
make a high speed but low power front-end electronics. High current density of
SST transistor gives radiation hardness. We have examined radiation hardness
of SST transistor by neutrons[15] and gamma-ray[16]. Results are very
promising that it can survive with 1013 neutrons per cm2 and with the gamma
rays of 106 rad.

We will select digital readout scheme which can process data on the
detector and reduce its size to eliminate enormous amount of cable. Signal
induced on a strip detector is amplified, shaped and discriminated in a bipolar
LSI. Since only on-off information of each strip is obtained, the position
resolution is given by the strip pitch. This readout scheme must be the most
resistant against noise. Then digital processing LSI processes those data and
suppresses zeros. Since occupancy of silicon detector is very small, data size can
be reduced to more than one thousandth. Detail readout scheme has not yet
designed. , _

Power consumption of this LSI is calculated to be 7 mW per channel
including preamplifier, shaper and discriminator. Digital processing unit are
being developed at Santa Cruz by rad-hard CMOS process. Power consumption
combined with analogue part and digital part is expected to be 8 mW per
channel which means 8 kw for million channels. Power-feed and cooling for the
readout electronics sounds a key issue of the silicon strip detector.

¢) Integration of silicon detector
Integration of silicon detectors and readout electronics is another
important issue. Since we are going to use the double sided detector, micro
connection technique has to be utilized in both plane of the micro-strip detector to
readout signals. The combination of a tape-automated bonding(TAB) and a wire
bonding may be proper technique for integration of the strip detector and readout
microelectronics. Fig.4 shows a sketch of one detector unit proposed.
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Connections between detectors are made with TAB at the back-plane and with
wire bonding at up-side respectively. Schematic picture of a dead-angle-less
integration of unit detector is depicted in Fig.5.

d) Cost Estimation of silicon detector
Most economical way of silicon detector production is achieved by

following with industrial standard. A 300y thick and 4 inch diameter wafer of
high-resistive, detector grade silicon is available with reasonable price. If we
think about fabrication of many pieces of silicon detector precisely, the largest
piece taken from standard 4 inch wafer is obviously prefer for fabrication. Thus
we performed this design study with 6.4 x 6.4 cm2 (sensitive area) piece which is
the largest size taken from the 4 inch wafer. Number of pieces needed to cover
the detector designed here are listed in Table.4 and 5. Total number of pieces we
need are about 30 k for barrel part. and 3.6 k for forward part. We hope that the
price of double sided strip detector is to be ~$1000 per one piece, if we establish a
mass production technique. Then the total cost of the silicon detector amounts to
$34 million.

Momentum resolution and Material Thickness

The rapidity dependence of transverse momentum resolution at 1 Tev/c
is depicted in Fig.6. In this calculation, we assume uniform 2 Tesla field and
gaussian shape error of position resolution listed in the parameter Table 4
and 5. If we take into account of field decline at the edge region of ACS
magnet, momentum resolution at n=1.5 degrade ~5 %[8]. The line a) , b), and
¢) indicate momentum resolution expected from following configurations;

a) momentum resolution expected by using all silicon layers and straws.

b) eliminating four layers of silicon strip detectors placed at r=70, 72, 80 and
82 from original design for barrel part, and for the endcap part eliminating
central plane in each consecutive three planes.

¢) without six layers of silicon strip detectors placed at r=10, 12, 50, 52, 80

and 82 cm from original design for barrel, and for endcap the same
configuration as b).

The configuration b) is aimed for reducing significant amount of readout

channels, saving 1.1 million channels. Weak point of this configuration may

be pattern recognition capability, because of large gap between silicon and
straw chamber. The configuration c) is the proposal for reducing readout
channels and also reducing radiation damage problem. In this calculation,



we neglect setting errors of all detectors, and the effect from missing points
due to detector inefficiency and/or noise and background overlapped. We have
to develop pattern recognition program together with momentum
reconstruction to study which is the best configuration.

Material thickness for above three configuration are calculated.
In order to evaluate realistic material thickness of the silicon tracker part ,
we assume that an average thickness including all materials for structure
and cooling is twice of silicon detector thickness. The pseudo-rapidity
dependence of silicon detector thickness is presented in Fig. 7-b. It looks quite
thick. We may suffer from heavy gamma conversion problem. We have to
compromise the momentum resolution and the material thickness for
realistic tracker design.
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Table Captions

Table 1 Parameters of barrel straw-tube chamber.

Table 2 Expected performance of the straw-tube used in our design.
Table 3 Parameters of endcap straw-tube chamber.

Table 4 Parameters of barrel silicon strip detectors.

Table 5 Parameters of endcap silicon strip detectors.

Figure Captions
Fig.1 Position dependence of Hit-rate (56 mm straw-tube) calculated with
PYTHIA+GEANTS3 for field strength of 2 Tesla. The
secondary interactions such as gamma conversion, nuclear
interaction and multiple interaction etc. are all taking into account.
Fig. 2 Layout of central tracking system designed in this study.
Fig. 3 Schematic picture of endcap straw-tube chamber.
pseudo-rapidity.
Fig. 4 Schematic view of unit detector composed of silicon strip, readout
LSI chips and flexible cables.
Fig. 5 Schematic view of how to integrate unit detector element without
crack.
Fig. 6 Transverse momentum resolution at 1 TeV/c as a function of the
pseudo-rapidity.
Fig.7-a Pseudo-rapidity dependence of straw-tube chamber thickness.
Fig.7-b Pseudo-rapidity dependence of silicon detector thickness.
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Table 2

Expected Performance of thé Straw-tube Used
in This Design.

Items . Parameters

Number of superlayers
Number of 2 segments
No. of layers/superlayer
Inner radius

Number of straws
Rapidity coverage
Straw diameter

Straw length

Gas gain

Current/wire
Collected charge

Hit rate (B=2T)

05 - 155 cm

O = = OV = = W

o Qe e o o

0.2 C/cm/10 yers
1 MHz

Detector capacitance 20 pF
ENC 1800 e
Time jitter 0.4 ns
Time walk 1 ns
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SCHEMATIC VIEW OF UNIT DETECTOR
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Fig. 4

CRACKLESS INTEGRATION SCHEME

' (example of the most inner layer)
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Fig. 5
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